Material and Reagents
Tetraethyl orthosilicate (reagent grade, 98%), sodium hydroxide solution (~1.0 M NaOH), hexadecyltrimethylammonium bromide (≥98%), toluene (anhydrous, 99.8%), 1H-benzotriazole (≥98.0%), cobalt(II) nitrate hexahydrate (ACS reagent, ≥98%), copper(II) sulfate pentahydrate (ACS reagent, ≥98.0%) and sodium carbonate (> 99.95% dry basis) were all purchased from Sigma-Aldrich. (Trimethoxysilylpropyl)-ethylenediamine triacetic acid trisodium salt (45% in water) was bought from ABCR GmbH & CO. KG.
Synthetic procedure
MCM-41 nanoparticles: the silica mesorporous nanoparticles were fabricated according to the method reported 1 . Briefly, 950 mL of deionized water, 2 g of hexadecyltrimethylammonium bromide and 14 mL of sodium hydroxide solution (~1.0 M NaOH) were mixed and preheated at 80 ℃ for 1 h. Then 10 mL of TEOS was dropped in within 30 min. The mixture was further heated for 2 hours followed by cooling down at ambient conditions. The template was removed by calcination at 550 ℃.
Loading procedure: The subsequent loading of the containers with cargo molecules was conducted from corresponding solutions under reduced pressure (30 mbar) for three times consequently. To obtain loaded nanocontainers without surface absorbed BTA, a quick washing method was developed to prevent spontaneous leakage of the loaded active compounds to the maximum extent 2 . A home-made washing setup was simply composed of a piece of filter paper (0.05 μm pore diameter), a funnel and a pump. Before washing, a thin layer of pristine solid was carefully deposited on the filter paper. Then water was added on the solid droplet. The procedure was repeated for several times till the released amount of BTA (determined by UV analysis) remained constant.
Coatings:
The water-based organic coating is a two-component, model coating developed as a primer for aerospace applications by Mankiewicz GmbH. The resin component is an epoxy based primer, which consists of synthetic resins and water. The hardener component consists of polyamines in water. Water suspension of the BTA loaded containers was added to the pre-mixed two components under stirring. The amount of water used to re-disperse the containers prior to mixing with the paint was only 5 wt% of the paint and had no detrimental effect on the paint formulation. The dummy coating is the epoxy based primer containing 5 wt% of free, non-encapsulated BTA. The samples were deposited on the aluminum AA2024-T3 plates (scrubbed clean with NaOH, then nitric acid) using a spray technique and dried at 80 ° C for 1 h after a flash-off time of 15 min at room temperature.
Characterization
HADDF STEM image and STEM EDX mapping were recorded from Cs-corrected The TEM image (Fig. S2 ) of NPCs-inspired controlled release system reveals clearly that two-dimensional hexagonal p6mm ordered mesopores are also intact after the process of loading and formation of nanovalves. where the triazole ring plays a vital role in the formation of the complex with transition metal ions since the NH group, together with at least one other nitrogen atom, has been present before the complex will form.
Formation of Nanovalves

Formation of Precipitates
For the process of forming precipitates, we injected 5 mL of NaHCO 3 , NaCO 3 , Na 3 PO 4 , solutions to check whether the product was stable enough to achieve the notable precipitation.
Most of the products are gelatinous precipitates (GP). After the formation of GPs, the previous salt solutions suddenly lose their fluidity and transparency. But with aging under atmospheric pressure and in room temperature, various changes can be observed, which are categorized as polymerization for increasing connectivity of the networks, coarsening resulting in expulsion of water, phase transformation due to reorganization of the structure and even oxidation of low valence metal ions. After aging for one day, we have focused on 6 types of GPs (a-f in Table S1 ) because they maintained the GP state without notable shrinkage in volume. Our record for the precipitates is summarized in Table S1 . Table S1 ) after one-and three-day aging. All the precipitates in our work maintained amorphous phase after aging for one day. After aging for three days, most of related precipitates maintained amorphous state. 
Diffusion test
Scheme S1. Setup built for semi-quantitatively evaluation of precipitates.
To test permeability of the precipitates formed in our work, a modified cuvette utilized in fluorescence measurement was designed, as shown in Scheme S1. The precipitates or water were confined in a space, namely Zone 2, formed by upper membrane, lower membrane and inner wall of the tube that was inserted into cuvette with depth at 1 cm. Into Zone 1, 1 mL of starting solution was stored. A 5-mm stirring bar was added to the cuvette. The solution in Zone 3 was stirred moderately to balance the concentration of interesting molecules. The solution was monitored using a CCD detector which collected the emission spectra. A laser probe beam directed into the solution at 2 cm above the bottom and around 1 cm below the top of the cuvette. Thus we can estimate the permeability of precipitates or water between two membranes by detecting fluorescence intensity of solution in the cuvette.
Modelling.
One layer diffusion. The modelling was based on semipermeable membrane diffusion study.
The steady-state flux of solute through a semipermeable membrane ( ) can be written as 4 : (3) thus (4) Where a is area of the membrane, H m and H 1 are respectively heights of the membrane and the zone above upper membrane, c 1 and c 2 are the free solute concentrations at each interface of the membrane and D m is the diffusion coefficient of the solute through the membrane. Let .
Two layers diffusion: I. Free diffusion
On the basis of one layer diffusion study, we suppose concentration in the cuvette is:
(1)
In eq. (1), is an error function, expressed as:
The parameter F here has an expression as , where x is diffusion distance of solute from upper membrane and D is diffusion coefficient of solute between two membranes. The values of parameters A and B are determined by the fit of equation (1) 
where θ is the fractional coverage of the surface, c is the concentration, L is Langmuir adsorption constant depicting the capacity of surface to absorb the solute. Then, the fraction of non-absorbed solute by precipitates is 1-θ. Thus, the concentration in cuvette is:
We utilize the software MATHEMATICA 7.0 to fit the responding experimental data by using the equations (1) and (2), respectively. The comparison of modeling and experimental results is shown in Figs. 3 (b) and (c). Fig. S8 . Titration and exothermic profiles of some transition metal precipitates (marked in Table S1 ) and their exothermic points. 
Anticorrosion test
